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LEtiS BARREL HAVING A LINEAR GUIDE MECHANISM 



The present ixjvention relates to a lens barrel having a 
linear guide mechahisih for guiding a linear moving barrel, 
provided in the lens barrel, along an optical axis thereof, 
without rotating about the optical axis. 

A conyentionai lens-shutter type of zoom lens camera 
having a telescoping itype^ is .Widely 

known* In sudh a type of zoom lens cajh^ra, a toom lens 
barrel unit is usually assembled sepaxately from a main body, 
(dainera body) of the camera, before being installed in a 
housing of the camera body. The housing of the camera body 
is . usually provided on an inner peripheral surface; thereof 
with a female helicoid and/ a . plurality of linear guide 
grooves intersecting the female helicoid and extending in 
the optical axis direction. With the camera body having 
such a housing, the zoom lens barrel unit is usually 
installed using the following. method. Namely, the zoom lens 
barrel imit is firstly inserted; .i^ rear 
of the housing. Siibsequently, the male helicoid, formed on 
an outer peripheral surface of . the outermost barrel of the 



zoom lens barrel unit, is birought into mesh with the female 
helicoid, formed on an. inner periphery of ; the housing. 
Thereafter, a linear. guide plate, provided with: a plurality 
of radial fbllower projections, : is., secured to -the; rear end 
'^of the outermost barrel, with the .plurality of follower 
projections engraging- with the plurklity of linear gui die' 
Srrooves of the. housing. 

With such an installing method, it is necessary, 
to carry out several processes to install the zoom lens 
barrel unit in the housing of the camera body. This is 

troxiblesome, and increases installation time. 

*• 

When, a lens bar^rel is designed having a. guide .groove or 
a cam groove formed on aii inner peripheral surf ace thereof 
which engages with a follower projection provide^ 
predetermined member, tp. guide the; samie aiiongf the: groove^ the 
width and depth of the groove, which are considered to be 
sufficient to maintain the mechanical . strength of .t^ 
barrel, are ..firstly determined before the whole dimension of 
the -lens barrel (thickness, diaaneter> ; etc. ) is determined. 
Therefore, in general,, such a lens barrel having a guide or 
cam groove ' tends to be designed as a meihber which is too 
thick and too. large.. 

An object of the present invention is to provide a lens 



barrel haying a linear guide mechanisni :f or guiding a linear 
moving barrel along . an 6t>tical axis, . which is space- 
efficient and simplifies the . process necessary. . for. 
installing the zoom lens barrel unit in the! housing of the 
•camera* 

Another object of the present invention is to' provide a 
lens barrel having a linear guide mechanism for guiding a 
linear moving barrel along an optical axis, which makes it 
possible to realize a small-sized lens barrel, while 
maintaining a. sufficient mechaTiical strength of the lens 
barrel . 




to an aspect pf the present invention, .there is jir by id a. 
lens barrel including : an outer barrel provided on an inner 
periphery thereof with a first thread and at least one 
linear guide groove intersectincr the first thr-.ead and 
extending in. a direction of an optical axis of the lens 
barrel; . a middle barrel provided on an outer; periphery 
thereof with. a second thread meshing with the first thread; 
an inner barrel positioned inside the middle barrel, the 
inner barrel being provided with at least one follower which 
engages with the at. least one linear spide groove, so that 
the inner barrel is guided along the optical axis without, 
^otiating about the optical axis with respect to : the outer 
barrel; and a recess formed at a front end of each of the at 
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least one linear : guide groove on the inner periphery of the • . 
outer barrel, the recess having a width dimension to ena]ple 
rotational movement of the at least one follower into the at 
least one linear guide groove during initial meshing of the 
middle barrel with the outer barrel. With this structure, .: 
the > recess is used not dnly fbr bringing the middle barrel 
into mesh with the outer barrel but also for forming part of 
the linear guide groove. Thus, the recess is space-ef ficien 
tly formed on a front part of the outer barrel, which 
contributes tp the realization of a small and compact lens, 
barrel . ■ 

Preferably, the lens, barrel further includes an ao^ 
retaining member which engages with a front end of th^ butfer 
barrel, after the middle barrel has been engaged with the 
outer barrel. 

Pref erably, the annular retaining m^Bmber is provided . \ 
with a; t least . one engaging projection whibh engageis with the 
..at least one-. recess..; 

Preferably, the at least one engaging projection has a' 
surface determining a front extremity of the at least one 
linear guide groove. . 

Preferably, the at least one linear guide grobve is 
defined between a first side surface, and a second side; 
surface formed on the inner periphery, of the .outer barrel, 
the first and the second side surfaces extending in the 



direction of the optical axis, and wherein the at least one 
engaging projection is provided with a linear guide surface 
which together with the first side surface linearly guides 
the at. -least one follower; 

Prefeirably, a distance between the first side surface 
and the second side surf acie is less thsLh a distance between 
the. linear guide surface and the second side surface. 

Preferably, the recess is provided with a surface 
inclined parallel to the first thread - 

Preferably, the outer barrel is formed integral with a 

- ^ ■ . 

stationary block provided inside a camera body. 

Preferably, the middle barirel is ..movable along the. 
optical cocis together with the izmer barrel without . 
a distance therebetween, while the middle barrel rotates 
SLbbut the optical axis relative to the inner barrel : 

Preferably, the at least one followeir is fbinciied at a 
rear eiid of the inner barrel outwardly in a radial direction 
of. the inner barrel to engage, with: the at least one ilinear 
.guide groove. 

Preferably, the at least one engaging projection is 
provided with an engaging claw which projects outwardly in a 
radial direction of the annular retaining member, the 
engaging claw engaging with a hole formed in the recess. 

Preferably, the lens barrel further includes at least 
one. projection formed at a bottom of the at least one linear 



guide groove, the at least one projection ..engaging With, the 
second thread so as to fxmction as a part of the first 
thread. 

Preferably; tla^ at ; least orie ■ follower and - the at least 
one: linear guide, grobve are each . f pinned^ .Width 
greater than a predefcerttiihed ihihiirtiim wid and a height 
equal to a predeteriiiined minimiam height. 

Preferably, the at least, one projection is formed 

w 

substantially in a middle of the at least one linear guide 
. groove in a circimferential direction of the outer barrel. ^ 

According to another aspect of the' presi^t invention^ 
there is provided sl. lens; -be^rrel .including: ., an ■pute^ 
provided on an inner; periphery . their eo a first thre^^ 

and a plurality of linear guide grooves each intersecting 
the first thread and extending in a direction of an bptical 
axis of the. lens barrel; a middle barrel prpyided on an. 
outer periphery thiereof ; with a second thread meshing, with, 
the first thread, .so that the middle barrel is movable 3.1 ong 
the optical axis while rotating about the optical axis with 
respect to the outer barrel; an inner barrel positioned 
inside the .iniddle. barrel and moved together with the inner 
barrel along the optical axis > .the inner . barrel being 
provided at a rear end thereof with pliitktity of follbWers.. 
which respectively engage with the plura.lity of linear guide 
grooves,, so that inner barrel is guided along the optical 



axis without rotating about the optical | 'axis with respect to 
the outer bcorrel; a plurality of recesses each formed .at: a 
front end of a cor:respondihg one of the plurality of linear- 
guide grooves on the inner periphery qif the outer bai^rel; 
the plurality of recesses each having a Width greater than 
the corresponding one of the . plurality of linear guide 
grooves; and an annular retaining member for preventing the 
middle barrel from disengaging from the outer barrel, the 
annulear retaining member being provided with a pliirality of 
engaging projections ,each extending in the direction of the 
optical axis to engage with a corresponding one of the 
plurality, of recesses, the annular retaining raeinber; being 
sectired. to : a front end of .the outeir ba^ 

barrel has been engaged with the outer barrel/ with the. 
plurality. of engaging. projections respectively engaged with 
the plurality of linear guide grooves.. ... 

According to yet another, aspect of the present 
invention, 'there.; is provided a lens .barrel Ihcludihg : an 
outer barrel provided on an iniier pleriphery thereof with a 
first thread; a middle barrel provided on an outer periphery 
thereof with a second -thread meshing with the first thread' 
of the ..outer barrel; an. inner barrel positioned inside the 
middle barrel anid provided with at least one follower; an 
annular retaining member secured to a front end of the out^r' 
barrel for preventing the middle barrel from disengaging 
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from the outer barriel; at least one linear • giiide groove 
which extends in a d.irection of ah optical axis of the lens 
barrel and with which the. at least one. follower en^ 
whereiin a part of the at least one iirieiar guidei groove* is 
formed on the detaining meinber. 

of the at least one linear guide groove, is formed on an 
inner periphery of the outer barrel. 

In. relation to the latter object mentioned above, according 
to another., aspect of the present invention, there is 
provided a lens barrel including: a barrel provided on an . 
inner periphery theireof with a linear guide groove extending 
in a direction of an optical ;axi.&^ lens barrel; and an 

annular member arranged concentrically with the barrel, the. 
annular member being provided with a follower /which engag 
with the . linear guide , groove so that the annular me^nber is 
guided[ along the optical axis without rotating about, the. 
optical axis relative to the barrel, wherein a part of an 
outer periphery of the barrel which is located adjacent to 
the lineeur guide groove is formed as a plauie siirface# and 
further wherein a distance between the plane surface and the 
optical axis iis shorter than a distance between the optical . . 
€Lxis and a paxt of the outer periphery of the . bairfel wHich . 
is not formed as the .plahe surface. .. 

Preferably, a bottom of the linear guide groove is 
formed as a plane bottom surface extending in the direction 



of the optical axis and perpendicular to a radial direction 
of the barrel/ the plane surface being formed parallel to 
.the plane bottom- surface, . • . : 

. .; '5Pr:e£€irablyV;,..th^ leiiis ' barrel- flirthi^^ . includes':. a' " f irst 
thread formed -bh; the inner periphery of the barrel so that 
the linear guide groove extends within the first thread; a 
rotational barrel positioned inside the barrel cind provided 
with a second thread which meshes with the first thread so 
that the rotationcd barrel is. movable along the optical axis 
while rotating about the optical . axis relative to the 
barrel; and, at. least one projection formed at a bottom , of 
the linear guide gr^ the' at least one projection 

engaging :with the second thread sfb as to function as a part 
of the first -thread. 

• • < • ' . * • 

Pr ef erably , the f olloweir and the linear guide . groove 
are each formed to have a width greater than a predetermined 
minimum width and a height equal to a predetermined minimum 
height . ' 

Preferably, the at leais.t one projection is formed 
substantially in a middle of the linear guide groove in a 
circumf eriential direction of the barrel-. 

According, to yet- another aspect of the present 

* ■ ♦ . ■ < ' 

invention, there is provided a lens barrel including: em 
outer barrel provided on an inner periphery thereof with a' 
first thread a?id a linear guide groove inter ^ectihg the 



first thread and extending in a direction of -aii . optical axis 
of the lens barrel; a middre barrel provided . on eLri buter 
periphery thereof with a second thread 

first, thread; an inner, barrel: positioned inside the* middle 
barrel and provided with a follower which engages. with the 
linear guide groove to be guided albiig the linear guide 
groove, the middle barrel being mbvable along the bptical 
axis together with the inner barrel without varying a 
distance between the middle and the, inner bar^ the 
middle beunrei rotates about the optica;! axis relative to the 
inner barrel; and at least one projection formed at a bottom 
of ; the . linear j-guidiB.: grpoy at least pne^p^ 

engaging With the second thread sb as. tb.^^^^f a: i>^rt 

of the ■ first thread;' - .' 

According to yet another aspect of the .present 
invention, there is provided . a lens barrel including: a 
barrel provided on an inner periphery thereof with a 
plurality of . linear guide grPoves each extending, in a 
direction of an optical axis of the. l^ns baLrrel;^ a^ an 
annular member arriaiiged concentrically with the barrel, the: 
annular member being provided .with a plurality of followers. . 
which respectively engage with the plurality of linear guide 
grooves so that the annular member is guid.ed along the 
optical, axis without rotating about the optical axis 
relative to the barrel, wherein a part bf. the barrel where. 



one of the plurality of . lineeir guide grooves is formed has a 

thicfeess. thinner than any other parts' of the barrel where 

■ ' ' * " 

the rest of the plurality . of linear guide grooves are 

• ■ * » ' * * 

formed. 



An example of the present invention will now 

be described below , in detail with 
reference to the accompanying drawings in which similar 
elements are indicated by similar reference numerals, and 

r 

wherein:* 

Figure 1 is a schematic perspective view of a fixed 
lens barrel block and a zoom lens- barrel . unit in a 

zpom lens ciamera, allysiiraLtihg a state befbre the- zoom, l^iis 
barrel unit Is installed in the fixed, lens barirel. block ; 

Figure 2 is a schematic, pefspectiye .view of the fixed 
lens barrel block, the zoom lens b2Lrrel unit and an annular 
fixing member, illustrating a state after the . zoom lens 
barrel unit is installed in the fixed lens barrel block; 

Figure 3 is a schematic perspective view of the fixed 
lens barrel block shown in Figure 1 or 2; 

Figure 4 is an enlarged schismatic perspective view of a 
third moving barrel shown in Figure 1 oi: 2; 

Figure 5 is an enlarged schematic, per spec tivei view of 
the annular fixing member shown in. Figure 2 ; . 

Figure 6 is a schieinatic develbped view of a part of the 



f ixed: lens barrel " block shown in Figure 1/ 2 ot 3 J 
illustrating a linear guide ihechanism 'of the zoom lens 
"barrel unit;.;..- ^- " - 

. FigrUre .7 is a ;.scheinatic idevelpped View of ; the 
the fixed leiife barrel block' shovm . in Figur bf: 
the annular' fixing member engaged with the fixed leiis barrel 
block, illustrating the linear guide mechanism in a 
different state from that shown in. Figtare 6; 

Figure 8 is an enlarged view of a. part of the view 
shown in Figure 7; 

Figure 9 is an enlarged schematic perspective view 
showing a part of a zoom lens barrel 

Figure 10 is schematic perspective view showing the 
part of the zoom lens barrel shown in Figure 9 in an engaged 
state;. - . ■ ■ 

Figure 11 is a sch^:i^tic .perspectiv 
a state where an AF/AE shutter unit of the zoom lens barrel, 
is mounted to a first moving barrel; 

Figiire 12 is an enleurged exploded perspective view of a 
part of the zoom lens barrel;. 

Figurer 13 is an exploded perspective^ view illustrating 
main partis of the AF/AE shutter unit of the zoom liens barrel 
shown in Figure 9 , . 10 , 11. or 12; 

Figure 14 is an enlarged schematic perspective view of 
the third moving barrel shown in Figure 4 shown from a 



• different angle; 

Figure 15 is. am enl;arged perspective view, of a linecur 
guide barrel of. the zoom lens, barrel; 

Figure 16 'is a front eievatipnal view of the .fixed lens 
barrel block" shown in Figure 3 with other members installed 
in tlie fixed lens barrel block; 

Figure 17 is a sectional view of an upper part of the 
zoom lens barrel in a maximum extended state; 

Figure 18 is a sectional view of an upper part., of the 

■ * ^ - * 

zoomi iens barrel, illustrating main elements in a . 

housed state; 

iPigure 19 is. a s^ctiohal -yiew of the. upper part of the 
zoom lens barrel shown: in Figure 18 in the maximum extended 
state; ';..;'"'*' •.'.'•^■/* ••■ • ■ r 

Figure 20 is a sectional view of an ujpper part 'o the 
zoom lens barrel in the housed state; • 

Figure 21 is an exploded perspective view of the 
overall structure of the zoom lens barrel; 

Figure 22 is a block diagram of a controlling system . 
for controlling em operation of the.. zoom lens barrel; 

. Figure 23 is a rear elevatiohai view of the fixed lens 
barrel block and some other members installed in the fixed 
lens barrel block, shown in. Figure 16; 

Figure. 24 is a sectional view. of an upE>er part of the 

■ • ■ ■ "t' " 

zoom lens barrel; 



FigTjre .25 is a sectional view of the fixed- lens barrel 
block and the linear guidie barrel 17, showing the state of 
engagement of. engaging projections and linear guide grooves; 

Figure 26 is a* plan view bf a part of a', cylindrical 
portion formed integral, with the. fixed lens barrel- block; 

Figure 27 is a diagram illustrating the difference in 
thickness of the cylindrical portion between a part of the 
cylindrical portion where one linear guide groove is formed 
and another part of the cylindrical pprtion where another 
guide groove, having a wider width, is formed; 

Figure 28 is an enlarged sectional view of an engaging 
projection and a, linear guide groove with which the engaging 
projection engages; . 

r 

Figure 29 is a sectional view of the fixed lens barrel 
block and. a wall forming a film chamber of the zoom lens 

camera.;^^-- ■ .;. 

Figure . 30 is a; sectional view of an. upper part of a 
lens supporting barrel which isuppprts a front lens group 
therein, and a lens fixing ring which is to be screw-engaged 
with the lens supporting barrel; 

Figure 31 is an enlarged perspective view of the lens 
supporting" bearr el s Figxire 30 ; arid 

Figure 32 is an.. enlarged sectional yieW of a part of 
the lens fixing ring shown in Figiirie 30. 



Figure 22 is a schematic representation of various 
elements . which comprise a preferred embodiment of a zoom 
lens camera to which the present inVentibh is applied/ A 
concept of the present zoom lens camera will now be 
described with reference to Figure 22. '■ ■ 

The zoom lens camera is provided with a zoom lisns 
barrel (zoom lens) 10 of a three-stage delivery type 
(telescoping type) ..having three moving barrels, namely a 
first moving , barrel 20 , a second moving barrel 19 and a 
third moving barrel 16,. which are concentrically arranged in 
this order from : ah optical: axis 0.- ; In the zoom leiiis/ bsurf el 
10 two l<Bns groups are jirovided^^k^^ photographicV^^o^^ 
system, namely a front lens group LI . having, positive power 
and a rear lens group L2 having negative powisir. 

In the camera body^ a whole ioptical ionit driving motor 
controller 60, a rear, lens group driving motor controller 
61, a zoom operating device 62, a focus operating device 63, 
an object distance measuring apparatus 64, a photometering 
apparatus .65, and an AE (i.e., automatic exposure) niqtor 
controller 66, are provided.. Although the specif ic focusing 
system of the object distance measuring apparatus 64, which 
is used to provide information regarding the object- to- 
camera distance, does not form part of the present 
invention, one such suitable system is disclosed in commonly 



assigned U.K;. Patent Application No. 2298331, . filed on 
February 22/ 1996, arid piibliished on 28 August 1996. ■ 

Although the 

focusing systems disclosed in U.K, Patent Application No. 
2298331 . ar^ of the so-palled /^pia^s 

autofocus systems (evgw active range finding systems such 
as those based on infrared light axxd triangulation) may be 
used. Similarly, a photometering system as disclosed iii the 
above-noted Patent Application No. 2298331 could be 

inplemented as photometer 65. 

The zoom operating device 62 can be provided in the 
fprm of, for example > a manually- operable zoom operating 
lever (not shovmy ^ the camera body . 6^^^^ 

zoom buttons/ e.g., a "wide" zoom button and a "telk" zoom 
button, (not -shown) provided on the camera body. When , the 
zoom operating device 62 is operated, thei whole, dptical unit 
driving motor conttiDller 60 drives a whole optical unit 
driving, motor 25 to move the front lens group ^1 and. the 
rear lens group L2, rearwardly or forwardly without regard 
to a focal length and a fpcal point thereof. In the 
following explanation, forward and rearward movements of the 
ieris groups til and L2 by the whole optical unit driving 
motor controller 60 (the motor. 25).. are referred to as. the. 
movement toward *tele' and the movement toward ''wide* 
respectively, since forwaurd and rearward movements of the 
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lens .groups LI. and L2^ occur when .the 200m operating device 
62 is operated to *tele* and * wide 'positions. 

The image magnification of the visual field of a zoom 
finder 67 provided in the camera body varies in sequence 
with the variation of the focal lehgth through the operation 
of the zoom operating device 62, Therefore, the 
photographer . can perceive the variation of this focal length 
by observing the variation of image magnification of the 
visual field of the finder,- In addition, the focal length, 
set by the operation of the zboiti operating device 62 , may be 
perceived by a value indicated oh an LCD (liquid crystal 
display) panel (not shown) or the ..like, 

• • ** 1'.'. 

When the focus, operating device -63 is operated, the 

whole optical unit driving motor cohtroller 6d^c^^ the 

whole optical \init driving motor 25 ... At the same . time; the 

rear lens group driving motor controller 61 drives a rear 

.*•..•"• , 
lens grrpup driving motor 30. Due to the driving of the 

.whole optical \mit driving motor controller 60 and the reso: 

lens group driving' motor controller 61, the. front and rear 

lens groups LI and L2 are moved to respective positions 

corresponding to a set focal length and a detected object 

distance and thereby the zoom lens is focused on the 

s\ibject. 

Specifically, the focus operating device 63 is provided 
with a release button (not shown) provided on an upper wall 
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of the cainera body. A . photometering switch knd a release 
switch {both not shown) are synchronized with the release 
button . When the. release, button is half-depressed (half 
step) , the focus operating^: d 63 csLuses the 

photometering switch:: to be turned ; ON; and thi? object 
diistance measuring and photometering conunands are 
respectively input to the object diistance measuring 
apparatus 64 and the photometering apparatus 65 

When the release button is fully depressed (full step) , 
the focus operating device 63 causes the release sydtch to 
be turned ON, cuid according: to the result of object distance 
measuring; demand, cind a. set focal length/: : the whole.. 
unit driving motor 25 arid the rear lens group driving motor 
30 are driven, . and the : focuisihg operation, in which the 
front; lens grcmp LI and the :rear • lens; L2 to; the . 

focusing position, is executed. Further, an AE motor 29 of 
an AF/AE (i.e., autoif ocus/autoexposure) shutter unit 
(electrical unit) 21 (Figure 20) is driven via the AE motor 
controller 66 to actuate a shutter 27, During the shutter 
action, the- AE motor controller 66 drives the AE motor 29 to 
open shutter blades 27a of the shutter 27 for a specified 
period oif time according to the. photometering information 
output from the photometering apparatus .65. 

When the zoom operating device 62 is operated, the zoom 
operating device 62 drives the whole optical unit driving 
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motor 25 to move the front and rear lens groups LI and L2 
together as a whole in the direction of the optical axis 0 
(optical axis direction). Simultaneous with such a 
movement, the rear lens igroup driving motor 30 may also be 
driven via the reaf^ l^ns group driving motor [ controller 61 
to move the rear lens group L2 relative = to the front lens 
group LI. However-, this is. not performed under the 
conventional concept of zooming in which the focal length is 
varied sequentially without moving the position of the focal 
point. When the zoom operating device 62 is- operated., the 
following two modes are available, ^namely:. 

1 , a mode to move the front lens ..grbiip Ll and the. ■ r;ea:r 
lens group L2 in the opticai axis direction withiout yeirying 
the distance therebetween by driving only the whole optical 
unit driving motor .25; and, 

2. a mode to move the front" lens group Ll and the rear 
lens group L2 in., the optical axis .diafection . while y^^ 

the distance ther.ebetween. by driving both the whole;: 

unit driving motor 25 and the rear leiis group driving motor 

30. 

In mode 1, during a zooming operation an in-focus 
condition cannot be obtained at all times with respect to a 
subject located at a specific distance. However, this is 
not a problem in . a lens-ishutter type camera, isince the image 
of the subject is .hot observed through the photographing 
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optical system, but through tJie finder optical system ; that. . :. 
is provided separate from the photographing optical system, " 

. and. it is sufficient to only be. focused when the shutter is- 
released. In mode 2, dufing a zooming OE)etatibh^^ the.^froht 
lens grbtip LI and the r^ar lens group ii2 are moved without 
regard to whether the focal point moves, and when the 
shutter is released, the focusing Operation (focus adjusting 

■ operation) is carried' out by moving both the whole optical 
unit driving motor 25 and the rear lens group driving motor. 

« 

30, 

When the focus operating device 63 is operated in at 
least one. part , of the. focal leng;tJ:i rcuage set by the zoom 
operating dieviee 62, the whole optical xinit drivihig iiiotor 25:; 
and the rear lens group driving motor 30 are driven, to bring * 
the subject into focus. The ampunt of impvemimt of ; each: len 
group LI or L2 by the whole. oi>tiqai unit driving m^ 25 
and the rear lens group driving motor 30 is determined not 
only using subject distance information, provided from the 
object distance measuring apparatus 64, but also by using 
focal length information set by the zoom operating device- 
62. In such a manner, when the focus operating device 63 is 
operated, by moving both the whole optical unit driving 
motor 25 and the rear lens group, driving motor 30, the 
position of the lens groups LI, .L2 can be flexibly 
controlled, as coxnpared with lens movements controlled by 



The zoom lens camera of this embodiment can also be 
controlled in. a different manner, such that, during an 
operation of the zoom operaiting device 62, only the 
magnification of the zoom finder 67 and tile focal length 
information are varied without driving either the whole 

I 

optical unit driving motor 25 or the rear lens group driving 
motor 30, When the focus operating device 63 is operated, 
both the whole optical unit driving motor 25 and the rear 
lens . group driving motor 3 0 are moved siinuitaneously 
according to the focal length information, and the subject 
distance information obtained by the object .dist^^^ 
measurinig apparatus 64 to move the front, lens group ;l1 and 
the rear :lens group L2 to xeispective positions determined 
according tp^ the ^focal length, and .:the- subject distaiice 
information. 

An embodiment of the zoom lens barrel according to the 
above concept will now be described with reference to mainly 
Figures 21 and 22, 

The .overjall structure of the zoom; iens barrel 10 will 
f irstly be . diescribed.. 

The zoom lens barrel 10 is provided with the first 
moving barrel 20, the second moving barrel. 19, the third 
moving barrel 16, and a. fixed lens barrel block 12. The 
third moving barrel 16 is engaged with a cylindrical portion 



1.2p of the. fixed lens barrel block 12, and moves in. the 
opticiai axis direction upon being rotated. The third moving 
barrel 16 i's provided on an iiiher periphery thereof with a 
linear. guide barrel 17 > which. is restricted in rotation, 
the . linear guide bjSLrrel 17 eLn<J the third m^ 
move together as a whole iii the optical axis direction, with 
the third moving barrel 16 rotating relative to the linear 
guide barrel 17. The first moving barrel 20 moves in the 
optical axis direction with rotation thereof being 
restricted. The second moving barrel 19 moves in the 
optical axis direction, while rotating relative to the 
linear guide barrel. 17 and the first moving barrel 20. The; 
whole optical unit . driving motor 25 is sebured to the fixed 
lens barrel block 12. A; shutter mounting staige 40 is 
secured to the first, moving barrel 20, The AE motor 29 and 
thiB rear ..lens group driving motor 30 are . mounted on the 
shutter mounting stage 40. The front lens group Ll and the 
rear lens group L2 are. respectively supported by a lens 
supporting barrel (lens supportinjg annular member) 34 and a 
lens supporting barrel 50. 

An .Oaring ^ 70, made of a rubber or the like, is 
positipned between an outer peripheral circ\imf erential 
stir face of the lens supporting barrel 34, in the vicinity of: 
the front end thereof, and an inner peripheral 
circumferential surface of an inner flange portion 2 Ob 
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formed integral with the first . moving barrel. .20: in .the 
vicinity of the front end thereof, as shown in.Figaare 20, 
The 0-rinjg .70 prevents water from penetrating* the zoom lens 
barrel 10 at the front end thereof between the first moving 
barrel 20 and the lens supporting barrel 34, 

As. shown in Figure 30 ^ the front lens group LI consists 
of five lenses, namely, a. first lens (frontmost lens) Lla, a 
second lens Lib, a third lens Lie, a fourth lens Lid and a 
fifth lens Lie in this order from an object side to an image 
side, i.e., from the left; hand side to the right hand side 
as viewed in Figure 30- 

A positioning ring 36 for deterMhing .a di3tance 

between the second lens /Lib ; emd the • t^^ 
positioned and held between the second lens Lib and the 
third - lens Lie. An outer . peripheral siurf ace; of the. 
positioning ring. 36 is. fitted on an inner peripheral surface 
of the lens supporting barrel. 34. Likewise, a rear 
positioning ring 37; |or determiniiig, a^ ^ d^ between the. 

third lens Lie; and the fourth lens .Lid is positioned ahd. 
held between the third lens Lie krid. the fourth lens Lid; 
outer peripheral surface of the positioning^ ring. 37 is 
fitted on an inner peripheral surface of the lens ST:5>porting 
barrel 34. The rear surface of the fourth lens Lid and the 
front surf aee br-'the fifth lens Lie are. cemented to- each 
other, so that the fourth and fifth lenses Lid, Lie are 



formed as a cemented or composite lens^ A front 
circitmf erential edge Llf of the second, lens Lib along tiie. 
circumferential edge thereof contacts the rear, surface of 
the first lens Lla/ A rear .ciicumferential edge Llg /of the 
fifth lens. Lie along the. circumferential edge thereof 
contacts an inwardly-projecting flange 34b formed integral 
with the rear end of the lens supporting barrel 34. 

A female thread 34a is formed on an inner periphery of 
a front part of th^ lens; suppprting barrel. 34, as shown in 
Figure 3 0 or 31. A lens fixing ring 72, for fixing the 
first . lens Lla to the lens supporting barrel 34, engages 
with the lens suppprting. barrel .3 4;, With this a.rrangemen;t,: . a 
male thread 72a formed on the outer peripheral surface of 
the lens fixing ring 72 meshes with, the female thread 34a. 
A circular abutting siirface 72b is formed on the lens, fixing 
ring 72 oh an inner peripheral surface, thereof. The. 
circular abutting.: surface 72b - comes into contact with a 
circumferential portion: fp of . the front surf ace .of the first: 
lens Lla in a state when the lens fixing ring 72 is properly 
screw-engaged with the lens supporting barrel 34. The 
circular abutting surface 72b is. formed to be substantially 
parallel to the circumferential portion fp so that the 
circular abutting surface 72b and the circ\imf erential 
portion fp may be wrought tightly into contact with each 
other when the lens fixing ring 72 is properly screw-engaged 



with the lens supporting barrel 34.- 

' ■ • * ■ . ■ ' ■ ' 

.A supporting ring portion 34c is formed integral with 

the lens supporting barrel 34. The sypporting riing portion 

34 c. is located inwardly -from: -the female thread • 3 4a^ ^ :i 

radial directioh of the iens Supporting barrel 34/ The iimer 

iperipheral surface of the supporting ring portion 34c, which 

extends in the optical axis direction, comes into contact 

with an outer circumferential edge or surface op of the 

first lens Lla, An annular positioning surface 34d, 

' • * ' * - 

extending, substantially normal . to the optical axis. 0,. is 
formed on the lens supporting barir el 34 immediately behind 
the supporting .ring portion . 34c i . The circiimf erential :edg^ 
of the rear surface of the first lens Lla comes into contact 
with the positioning surface 3 4d, With this .s 
f i r s t 1 ens Lla is immovably he Id . be twe en ■ the q i r qu lar 
abutting sxirface 72b and the positioning surface 34d in the 
optical axis direct ipii, a^^ first lens Lla: is immovably 

held by the supporting, ring portion 34c in a radial 
direction normal to the optical axis O. 

As shown in Figure 32/ a coating 72e is coated on the 
circular abutting surface 72b. The cpatiiig 72e is a 
waterproof : coating mad4 of a synthetic resin. In the 
present embodiment, "Fantas Coat SF-6 . (trademark of a 
coating produced by the Japanese Company "Origin Denki 
Kabushiki Kaisha")" is used as the coating 72e, The front 



surface of the" first lens Lla is. formed very kmooth; whereas 
the circular abutting sxifface 72b of the lens fixing ring ^72 
is. not formed as smoothly . (i.e. , has a rough finish) as the 
front surface of the first lens Lla, This is. because the 
first lens Lla : is more ndnutely arid accuratiely fo^ 
the lens fixing- ring 72 since the . first i^ris Lla is a 
precision optical eliement. Due to. this fact, were it not 
for the coating 72e on the circular abutting surface 72b, a 
substantial gap would be formed between the circular 

abutting surface 72b and the circ\amf erential portion fp even 

' - ' ■ - . • .' . . 

if the circular, abutting surface 72b properly and tightly iii 

■ * ' ■ . . ' ' • ' 

contact with: the ; circiimf er f^ . by, propi^rly.:. 

screw- engaging the lens ^ fixing ring 72- with the f emiale. 
threaid 34a. As a result/ water or moisture would be able to 
penetrate into the lens supporting barrel 34 through the 
substcuitial gap. However, in the present embodiment, the 
coating 72e is applied to the circular abutting: surface 72b 
so as to inake the surface thereof a smooth surface W 
does not cause to form such a substantial gap between the., 
circular, abutting sur facia. 72b ..arid the circumferential 
.portion f p. when the circular abutting surface 72b properly 
contacts the circumferential portion fp. . Accordingly, the 
coating 72e, positioned and held between the circular 
abutting surface 72b and the circumferential portion fp, 
effectively prevents water or moisture from penetrating the 
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lens supporting barrel 3.4 b^etweeh the. circular abutting 
surface 72b and tKe circumferential portioii fp under the 
condition that the circular abutting surface 72b is properly 
and tightly in contact- with tfaB circumfi^r^^ 
by properly ser^wrengaging the leiis fixing ring 72 with the 
female thread .34a. 

A circular s;«:face 72c is formed on. the lens fixing 
ring 72. . The circular surface 72c is connected to the 
circular abutting surface 72b ahd is located immediately 
outward in a radial direction from. the circular abutting 
surface 72b. A front part of the outer circumferential 
surface op of the first lens Wa .(i.e., a circumferential 
edge of the first lens Lla) com^s into contact ;w the 
circular surface :,.72c • wh^n the lens fijring/ c 
engages with the female tliread.34a... D^^^^^ 
surface 72c contacting _t^e outer ci^^ bp, 
the watertight, structure between the circular abutting 
surface. 721? and the circvimf ere|ntiar ^ p^^ that • is 

riealized by the coating .72e, is enhanced... That is, a highly 
efficient watertight connection between the ..first lens. Lla 
and the lens fixing ring 72: is realized by providing both, 
the coating 72 e and the circular surface 72c with the lens 
fixing ring 72. .- 

An. annular recessed portion 34e is formed on the lens 
supporting barrel- 34 between the female', thread 34a and the 
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supporting ring portion 34c.. As shown in Figure 20, ..in : a 
state where the lens f ixing, ring 72 is .properly screw- 
engaged with.. the. female thread -sia^ja rear., end 72d of the 
.lens fixing ring 72 is. positioned in. the aimular recessed 
portion 34e with the rear end 72d not contacting the bottom 
(i,e,, rearmost end) of the recessed portion 34e, namely, an 
annular space is formed in the annular recessed portion 34e 
between the rear end 72d and the bottom of the recessed 
portion 34e. 

The fixed lens barrel block 12 is fixed in front of an 
aperture plate 14 fixed to the camera body. The a^>ert;ire 
plate 14 is provided on a center .thereof with a rectangular- 
shaped aperture 14a which fbrm^ the limits b£ each frame 
exposed. The fixed lens barrel, block. 12 is provided, on an 
inner periphery of the cylindrical portion 12p, with a 
female helicoid 12a, and. also a. plurality; of linear guide 
grooves 12b each extending parallel to the optical axis O, 
i.e., extending in the optical axis direction. . At the 
bottom of one of the linear guide, grooves 12b, namely 12b', 
a code plate 13a, having a predetermined code pattern, is 
fixed- The code pliate 13a extends . in the optical axis 
direction and extends along substan:tially the whole of the 
length of the fixed lens barrel block 12. The code plate 
13a is part of a .flexible printed, circuit board 13 
positioned outside the fixed lens barrel block 12. 
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In- the fixed lens barrel block 12, a gear housing i2c, 
which is recessed putwardly from, an: inner periphery of the 
cylindrical portion 12)? of the fixed lens barrel block 12 in 
a radial direction while ex^ dn the optical axis 

direction^ is provided, as shown in Figure 1, . .3> 16 or 21. 
Ta* Ctxe-^^ -iiousing i2c, a -driving pinion 15, extending in 
the optical axis direction, is rotatably held. Both ends of 
ail axial shaft 7 of the driving pinion 15 are rotatively 
supported by a supporting hollow A, provided in the fixed 
lens barrel block 12, and a supporting hollow 31a, provided 
on a geeu: .supporting plate 31 fixed, on the, fixed lens barrel 
block 12 . by se^^ (not shown) > respectively;, Pcirt of 

the teeth of the driving pinion 15 .project inwardly, f to the 
inner, periphery of the cylindrical., ppttipn ;i2p of the fixed- 
lens barrel block . ].2 so thait the driving pinion 15 meshes 
.with an outier peripheri^l gear. 16b^ of .the, third moving ^b^ 
16, as shown in Figure 16. 

The fixed lens barrel block 12 is provided on one side 
thereof, (the left side as viewed in Figure 1) with a 
supporting member 32 formed integral therewith. The whole 
optical unit driving motor 25 is secured to the rear of the 
supporting - member 32 . A gear train 26 consisting of a 
plurality of gears, is accommodated to b4 supported in the 
supporting member 32 on the front thereof. The fixed lens 
barrel block 12 is further provided on the other side 



thereof (.opposite to the, side having the supporting member 
32) with a stationary plate 12jn formed integral therewith. 
A plurality of projections; 12n are integrally formed on the 
front ..of the, stationary plate i2m,; projecting towards the 
object side in the optical £«is direction lens 
barrel block 12 is further provided, between the stationary 
plate 12m and the cylindrical portion 12p, with , a cutout 
portion 12k extending in the optical axis direction. The 
cutout portion 12k is formed by cutting out a part of the. 
cylindrical portion 12p, One end of a flexible, printed 
circuit board 6 is fixed aind supported on the front of the 
stationary pla^e . 12m by . the . projections 12n, with,, an 
intermediate .part of the flexible printed circuit board 6 
being laid, along the cutout portion 12k, The .other . end of 
the flexible, printed circuit board 6 is secured, to the. AF/AE 
shutter , unit 21, as shown in Figure 11. 

On an inner periphery of the third moving barrel 16, a 
plurality of linear guide grooves 16c, each extending 
parallel to the optical axis O, are formed. At an outer 
periphery of the rear end of the third moving barrel 16, a 
male helicoid 16a and the aforementioned .outer peripheral, 
gear l6b are provided as shown in Figure .14.! The male... 
helicoid 16a engages with the female helicoid 12a of the 
fixed lens barrel block 12. The outer peripheral gear 16b 
engages with the driving pinion 15. The driving pinion 15 
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has- an axial length sufficient to . be ca^ engaging 
•with the outer peripheral gear 16b throughout the entire 
range , of moyeitieht of tlae third moving . barrel 16 in the 
optical. axis direction. ' 

As shown . in Figure 15 , the linear guid^. " bdrr^i 17 is 
provided, on a rear part of an outer periphery thereof , . with 
a rear end flange 17d. The rear end flange 17d has a 
plurality of engaging projections 17c each projecting away 
from the optical axis 0 in. a radial direction. The linear 
guide barrel 17 . is further provided, in frbnt of the .rear 
end flange 17d, with a retaining flange 17e, A 
circumferential groove ..1 fqnned .bet>»^een the rear end 

flange 17d and., the retaining flange 17e. The retaining 
flange 17e: has a ra.dius smaller than the rear end flange 
17d.: The retaining flange 17e is provided with a plurality 
of cutout port ions . 17f , . Each of the . cutout portions .17f 
allows a corresponding engaging ..projection.. 16.d to be 
inserted into the circumferential groove 17g/ as in 
Figure 20. 

The third moving barrel 16 is provided, on aii' inner 
periphery of the rear end thereof, with a plurality of 
engaging projections 16d. Each of the. engaging projections 
16d projects towards the optical axis 0 in a radial, 
direction. By inserting . the engaging projections 16d into 
the circumferential groove 17g, through the corresponding 
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cutout portions 17f , the engaging projections 16(i are 
positioned in the circumferential groove 17g between the 
flanges 17d and 17e (see Figure 20) . By rotating the third 
moving barrel 16 relative to the linear guide barrel 17, : the 
engaging . pro j ec tipn^s I6d are engaiged wi th th0. linear guide 
barrel 17. 

On the rear end of the linear guide barrel 17, an 
aperture plate 23 having a rectsmgular-shaped aperture 23a 
approximately the same shape as the aperture 14a, is fixed. 

The relative rotation of the linear guide barrel 17, 
with respect to the fixed lens barrel block 12, is 
..restricted by the slidable engagement of the plur<ality: of., 
engaging prpjectipns ..17c witi^^^ the cprf eisponding linear gruide 
grooves 12b, : formed pafallel to the optical axis 0. • 

A contacting terminal 9 is fixed to one of the engaging 
projections i7c-,, namely 17c'. The contacting terminal 9 is 
in slidable contact with the code plate 13a, fixed to the 
bo t torn of the linear ; guide, groove 12b ' , to generate signa.is . 
corresponding to. f peal length information di;ririg zooming. 

On the inner periphery of the linear guide barrel 17 a 
plurality of linear guide grooves 17a are formed^ each 
extending parallel to the optical axis 0. A plurality of 

lead slots 17b are also formed on the linear guide barrel 17 

^ .• . ■ ' • ■ 

as shown in Fig\ire 15 or 21. The lead slots 17b are; each 

formed, oblique (inclined) to the optical axis 0- 



The second moving barrel 19 engages with the inner 

. ■ ' ... . •• ■ .. ■- ■ ■ 

p€lriphery of the linear : guide barrel 17 . On the . inner 

periphery of the second mpving barrel 19.,V a plurality of 

lead grooves 19c are providied in a direction inclined 

oppositely to the. lead slots 17b. On the outer periphery of 

the rear end of the second moving barrel 19 a plurality of 

follower projections 19a are provided. Each of the follower 

projections 19a has a trapezoidal cross-sectional, shape 

projecting away: from the optical axis 0 in . a radial 

direction, . Follower pins 18 are positioned, in the follower 

projections 19a- Each follower piii 18 consists of a ring 

member 18a, ^d a center fixing screw 18b which supports the 

ring member 18a on the corresponding follower projection 

19a. .The follower projections 19a are .in ; slidable 

engagfement with the., leading slots 17b= of the linear . giiide 

barrel 17, and the ?o^!iower pins. 18. are; in slidable 

.engagement with the linear guide grooves 16c of the third 

moving barrel 16- With such an arrangement, when the third 

moving barrel i6 rotates, the second moving barrel 19 moves 

linearly in the optical axis direction, while .rotating. 

On the inner periphery of the second mbving barrel 19, 

the first moving barrel. 20 is engaged- .The first moving 

barrel 2.0 is provided on an outer periphery of the rear 

thereof with a plurality of follower pins 24 each engaging 

with the corresponding inner lead groove 19c, and at the 
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same time the first moving barrel 20 is guided linearly by a 
linear guid^ member 22. The first moving barrel 20 is 
provided at. the front end thereof with a decorative plate 41 
secured thereto. 

As shown in Figures 9 and 10, the . linear guide m 
22 is . provided with an annular member 22a/ a pair of guide 
legs 22b and a plurality, of engaging projections 28- The 
pair of guide legs 22b project from the annular member 22a 
in the optical axis direiction. The plurality of engaging 
projections 28 each prpject from the annular member 22a away 
from the optical axis O in a radial direction. The engaging 
prpj ections . 28 slidably ^gagei. with the linear /gruide grppyes ; 
r7a. • The guide.- legs 22b are respectively inserte^^^^ 
linear guides 40e between the inner peripheral stiff ace of 
the first itioving b^rel 20 and the AF/AE shutter iinit 21.- 

The annular miem^jer 22a of the linear guide meinber 22 is 
connected to the rear of the second moving barrel 19, such 
that the linear guide member 22 iaixd. the second moving barrel. 
19. are capable of moving along: ; the optical axis O as a 
whole/ and in addition are capable of relatively rotating 
around the optical axis O, . The linear guide member 22 is 
further prbvided oh the outer periphery of th^ rear end 
thereof with a rear end flange 22d.; The linear guide member 
22 is further provided, in front of the rear end flange 22d, 
with a retaining flange 22c. A circumfierential groove 22f 



is formed between the rear end flange 22d and the retaining 
flange 22 c, Thje retaining flange ..22c has a ridius sm^lle^ 
than the rear end flange. 22d. The retaining flange 22c is 
pr:oyided with a plurality ^of cutoiit : portions. 22e,. as shown 
in Figure 9 or 10, each allowing , a correspbhding engaging 
prbjectiori 19b to be ihiserted into the ' circumferential 
groove .22 f, as shown in Figure 20:, . 

The second moving barrel 19. is provided, on .aui inner 
periphery of the rear end thereof with a plurality, of 
engaging projections 19b, each projecting towards the 
optical axis 0 in a radial direction. By inserting the 
engaging projections 19b into the circtanf erential. gr^^ 
through the corresponding cutout portions 22e,; the engaging 
projections 19b are positioned in the cifciimferehtial 
. 22f between the flanges. 22c. and: 22d/. ^ . second... 

moving barrel 19 relative to the. Iiiiear guide member. 22,. the| 
engaging proj.ectipns i9b are engaged with the linear guide 
member 22 . .With the above structure, when the second moving 
barrel 19 rotates in the forward or reverse rotational 
direction, the . first moving barrel- 20. moves linearly, 
forwardly or ri^arwardly along the optical axis O, but is 
restricted frdm rotating. 

At the front, of the first moving barrel 20, a barrier 
apparatus 35 having barrier blades 48a and 48b is mounted. 
On an inner peripheral face of the first moving barrel 20 



the AF/AE shutter unit 21 -having the .shutter 27, consisting 
of three shutter blades 27a, is engaged and fixed/ as shown 
in Figure 18. The' AF/AE shutter unit 21 is provided with a. 
plurality of fixing- holes 40a formed at even, angular 
intervals on the outer periphery of the shUtter/moiintiiig 
stage 40. Only one of the fixing holes 4ba appears in each 
of Figures 9 through 13. 

The aforementioned plurality of follower pins 24, which 
engage with the inner lead grooves 19c, also serve as a 
device for fixing the AF/AE. shutter unit . 21 to the . first . 
moving barrel 20. The follower pins . 24. are inserted in 
holes :20a, formed 911 the first mo vi rig barrel 20> and fixed 
in the fixing holes 40a, With this arrangement the AF/AE 
shutter unit 21 is secured to th^ -first m^ 
shown i^ Figure 11 . In Figure 11 . .the first moving barrel 20 
is indicated , by phantom lines .. . The . tbllower. pins .24. may be 
fixed by an adhesive, or the pins 24 niay be f bribed 4s kcrevns 
to be screwed into the fixing holes 40a. 

As illustrated in Figures 13 and 21, the AF/AE shutter 
unit 21 is -provided with the shutter, mounting stage .40, a 
shutter blade supporting ring 46 fixed on the rear of the 
shutter mounting . stage 40 so as to be located inside the 
shutter mounting stage 40, and the lens supporting barrel 50 
supported in a, state of being capable of movement relative 
to the shutter mounting stage .40., On ..the shutter mounting. 



stage 40, the lens supporting barrel .34, the AE motor . 29, 
and the rear lens group driving motor 30, cure supported. 
The shuttei: mounting stage 40 is provided with an annular 
member 4 Of having a. circular aperture 40d. * .The shutter 
mounting stage 40 is also provided with three legs 40b which 
project rearward froin tli^ cmiular member 40f, Three slits 
are defined between the three legs 40b. Two of the slits, 
comprise the aforementioned linear guides 40g; which 
slidably engage with the reispective pair of ; guide legs 22b 
of the linear guide member -22 so as to guide the movement of 
the linear guide member 22. 

Hie shutter mounting stage 40 supports an AE gear, train 
45, which transmits a rotiation of the AE motor 29 to the 
shutter 27 , a lens drivihg gear traiii 42 ; which . transmits 
rotation of the rear lens group driving motor 30 to a screw 
shaft .43, photpinterrupters 56 and 57; connected to a 
flexible printed circuit board 6, and rotating disks 58 and 
59, having a plurality of radially formed slits provided, in 
the circumferential direc:tion.. An, encoder for detecting 
whether the rear lens group driving motor 30 is rotating and 
for detecting an amount of rotation of the. rear lens group 
driving motor 30 consists of the photointerrupter 57 and the 
rotating disk 59, An AE motor, encoder for detecting whether, 
the AE motor 29 is rotating and for detecting an amount of 
rotation of the AE motor 29:. consists of the photointerrupter 
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56 and the rotating disk 58. 

• The shutter 21, a supporting member 47 which pivotally 
supports the three shutter blisLdes 27a of tJie. shutter 27, and' 
a circular driving member 49/ which gives rotative pow^r to 
the shutter blades 27a, are. positioned between thei shutter- 
mounting stage 40 aiid the shutter blade supporting fiiig 46, 
secured to the shutter mounting stage 40. The circular 
driving member 49 is provided with three operating 
projections 49a at even angular, intervals, which 
respectively engage with each o£ the three shutter blades 
27a. As shown in Figure 13, the shutter blade supporting 
ring 46 is provided at. a front end thereof with a circular 
aperture 46a and with three supporting holes 46b positioned 
at even angular intervals around the . circular , aperture 46a. 
Two deflection restricting sxirfaces 46c iare formed pn the 
outer periphery of the shutter blade supporting ring 46/ 
Each deflection restricting surface 46c is exposed outwardly 
from the cbrresponding linear .guide 40c jand slidably 
supports the inner peripheral face of the corresponding 
guide leg 22b. . 

The supporting member 47, positioned in front of the 
shutter blade supporting ring 46, is provided with a. 
circular aperture 47a, aligned with the circular aperture 
46a of the shutter blade supporting ring 46, and with three 
pivotal shafts 47b (only one of which is illustrated . in 



Figure 13) at respective ppsitiohs opposite the three 
supporting holes 46b, Each ishutter blade 27a is provided at 
one end thereof with a hole 27b iiitp which the corresponding 
pivotal, ishaf t . 47b ik insei-ti^d, sb tha.t . each; shutter bl:ade 
.27a is rbtatable about the corresponding pivotal shaft 47b, 
The inajoi ;p^^ of each shutteir biad^ . 27a, that eictehd^ 
normal to the optical axi5 O from the pivoted end, is formed 
as a light interceptive portion. All three light 
interceptive portions of the shutter blades 27a together 
prevent ambient light, which enters the front lens group LI, 
from entering the circular apertures 46a and 47a when the 
shutter blades. 27a: are closed -v . Each shxitt^r blade 27 a iW= 
further : provided, between .the hole i27b and . the. light, 
interceptive pprtion thereof , with, a slot 2.7c/ through which 
the corresponding operating proj ection 49aL is inserted. * ihe 
supporting member 47 is fixed to the .shutter blade 
supporting; ring. 46 in such a manner that each shaft 47b, 
which supports the corresponding shutter blade 27a, is 
engaged with the corresponding supporting hole 46b of the 
shutter blade supporting ring 46. . . 

A gear pprtion 49b is formed on a part bf thie /outer 
periphery of the circular driving member 49.. The gear . 
pprtion 49b meshes with one of . the plxirality of gearjs in. the 
gear train 45 to receive the. rotation from the gear train 
45, The supporting member 47 is provided, at respective 



positions close to the three pivotal shafts 47b,. with three 
arc grooves 47c each . arched along a circumferential 
direction. The three ipperating projections . 49a of the 
circular driving ring 49 engage with. the- slots 27c .of the 
respective shutter blades 27a through the . respective arc 
grooves 47c. Th^ shutter blade support ihg ring 4^ is 
inserted from- the rear of the shutter mounting stage 40, to 
support the circulsir driving ring 49.,, the supporting member 
47 and the shutter 27, and is fixed on -the shutter inbuntin^ 
stage 40 by set screws 90 respectively inserted through 
holes 4 6x provided on the. shutter blade supporting ring 46. 

Behind the shutter blade supporting ring 46, the lens 
supporting barrel 50, supported to be able to move relative 
to th;e shutter mounting stage .40 via. guide shafts .51 and 52 >. 
is positioned. The*: shutter : mount ih^.. s leris 
supporting, barrel 50 are biased in. opposite dir^^^^ away 
from each other by a coil spring 3 fitted oh the guide shaft 
51, and therefore play between the. shutter mounting stage 40' 
and the lens supporting barrel 50 is reduced. In addition, 
a driving g^ar 42a, provided as one of the gears in the gear 
train 42, is provided with a f iamale thread hole (not ishown) 
at the axial center thereof aiid is restricted to move in the 
axial direction. The screw shaft 43, one end of which is 
fixed to the lens supporting barrel 50, engages with the 
female thread hole. Accordingly, the driving gear 42a and 



the screw shaft. 43 together constitute a feed screw 
mechanism. In .such a manner, when the driving gear 42a 
rotates forwardly or reversely due to driving by the' rear 
lens grouip dirivihg . motor 3d, the screw ^shaft. 43 -fes^ 

moves clpc*wis;e or ahti-clbic^ with respebt to the driving 
gear 42a, and therefore the len^ supporting bafriel 
supports . the rear lens group L2, moves relative to the front 
lens group LI. 

« 

A holding member 53 is fixed at the f ront . of the 
shutter moimting stage 40. The holding member 53 holds the 
motors 29 and 30 between the holding member 53 and the 
shutter mounting stage ; 40. *he - holding . memb.^r 53; has. a- 
metal holding plate 55 fixed at the front therebf by. set 
screws. 99. The motors 29, ;3:0 and the photo interrupters 56, 
57 are connected to the flexibliEs printed circuit; board 6. 
One .end of the flexible printed circuit board 6 is fixed to 
the shutter mounting stage. 40 , .. 

After the first, second. and third moving barirels 20, 19 
and IS, and the AF/Ai: shutter unit 21 and. the like are 
assembled, the aperture plate 23 is fixed to the rear of the 
linear guide barrel 17, and an, annular retaining . member 33 
is fixed at the front of the fixed lens bcirrel block 12. 

During an assembly of the zoom lens cainera; of the 
present embodiment, a zoom lens barrel unit 100, which . 
consists of the first, second and third moving barrels .16, 



• 42 

19 'and 20/. the AF/AE shutter unit 21, the front "and rear- 
lens groups LI, L2, etc., is assembled, in advance, as a 
separate unit from the fixed lens barrel block 12. 
Thereafter, the zoom lens barrel unit 100 is installed, in a 
housing of the fixed lens barrel block 12,. i.e.,. . in the 
cylindrical portion 12p> : as shown in Figure 1 or 2. 

With the zoom lens camera of the present embodiment a 
different installing method is used than in the case of ,a 
conventional zoom lens cainera v/hiich is less troublesome ..and 
reduces the time necessary for installing the zoom lens 
barrel unit in the housing. In order to utilize . the 
iit5>roved installing method, in the zoom lens barrel 10 a new., 
type of linear guide mechanism, has been realized, which is 
unique to the zoom lens camera of the present embodiment, 
for guiding the linear g\aid,e barrel 17 along the optical 
axis 0. without having the linear, guide barrel .17 rot ate - 

with the linear guide mechanism of the present 
embodiment, no dedicated space is necessary 
only for the purpose of installing or detaching the zoom 
lens barrel unit 100 in or from the cylindrical portion 12p, 
Thus, the size; of the zoom lens barrel unit lOQ can be 
reduced .thereby cpntributing to the realization of a compact 
zoom lens cainera. Such a linear guide mechanism will be 
discussed with reference to Figures 1 through 8. 

The -basic process of such an installing method in the 



zoom lens camera of the present/embodiment will now be 
discussed. Firstly, as shown in Figure. 1/ the zoom lens 
bjarrel unit 100 is prepared in its most extended state; 
Secondly while maintaining such a state, the rear , end of the 
zoom lens barrel unit 100 is brought into ; engagement with 
■ ^ the :froht \ eiid. of the cylindricai ' 'pbttitn \ lip; in a 
predetermined positional relationship, as shown in Figure 2, 

Thereafter, the whole optical unit driving motor .25 is 

' . ' t ■ ■ 

driven to rotate the drive pinion 15 - (see,, for example, 
Figure 21) in a predetermined rotational direction, so that 
the male helicoid 16a . of the third moving baurrel 16 engages 
with. the female -lielicdid 12a.-v-V. 

Since the third .moving . barrel .16 and .; the cylindrical • 
portion 12p cUre engaged with each other . through the. male and, 
female^ helicoids 16a/ 12a, i.e., through a threaded 
engagement when . the . third moving barrel 16 is brought, into 
engagement with the cylindrical ..portion 12p,. it is necessary 
for the third mipying barrel 16 to be rotated, • from a 
.predet^rmiiied initial , position of . ehgagem^ent to. ah. 
engagement completion position (i.e^ , : the firbnt ektremity of 
the actual movable range of the third . moving barrel 16 for 
zooming relative to the cylindrical portion 12p) , about the 
optical a3cis O relative to the cylindrical portion 12p by a 
predetermined rotational amount. Namely, since the male 
helicoid 16a and the outer peripheral gear .16b. are formed on 



the third moving barrel 16 along a common outer 
circximferential surface at the rear end of the third rnbVihg 
barrel 1.6 as shown in Figure. 1.4, the male and female 
helicoids • 16a andi 12a can only engage with each other., af ter, 
the third moving barrel 16. has been located, at. a 
predetermined rotational position relative to the female 
helicoid ,12a. Furthermore, the^ plurality of engaging 
projections 17 c, which respectively engaige with the 
plurality of linear guide grooves 12b, need to be at 
respective predetermined rotational positions with respect 
to the third moving barrel 16 . whien the third moving barrel 
1 6 is. . brpu'ght . .into - .. engagement wi th: the fixed . lens . barrel 
block 12, Thus .the : third . mbyiz^gf.- barrel . le^ n^^ 
f irstly engaged, with , the cylindrical portion i2p and 
subsequently moved . .. to .the af prementioned engagement ., 
completion position while maintaining the aforementioned 
predetermined rotational positions of the plurality of 
engaging projections 17c, with respect to the third moving., 
barrel 16. . 

Due to such as true t\u:e, in order to set thie zoom lens 

barrel unit 100 on- the fixed lens barrel block 12 at the 

♦ ■ ' . . • 

aforementioned, engagement completion position, while 
maintaining the aforementioned predetermined rotational 
positions of the plurality of engaging projections .17c with 
respect to the third moving barrel 16, it is necessary to 



provide a device, for allowing the plurality of engaging 
projections 17c to move to respective initial positions at 
which the plurality of iengagih^ projections 17c start 
engaging with the linear guide qtopyes 12b/. withoTUt allowing 
the plurality of engaging projections 17:c:- to contact 
anything, i.e., hot being interfered by anything, until the 
female helicoids 12a have been brought to the aforementioned 
engagement, completion position.- In the. linear guide 
mechanism of the prei^ent embodimeht> such a devide is 
provided on the fixed lens bar irel block 12, rather than on 
the zoom lens barrel unit 100. Contrary to the present 
embodiment, if such a device is provided on the zoom lens 
barrel unit 100, the device needs to be constructed so as to 
allow the plurality of engaging projections 17c to, further 
rotate abput the; optical axis 0 relative to the^ third moving, 
barrel. 16 be^ybnd the actual ro ta table: rang^^ an 
actual zooming .pperatioh. Nsunely,. in stich a device, it is 
necessary to Vproyide a. structure ;Xhat allows the third 
moving barrel 16 and the linear guide barrel 1? to further 
rotate relative to each other to some extent, bey ohdi the. 
actual ro.tatable range used in an actual .zooming operation. 

That is, the device requires that the lead/grooves i7b, ..19c 

I ' * • ' ■ . • . . .• • •..••",.>. . . ■ ■ 

be formed suf f icientiy long so as to allow tiie third moving 
barrel 16 and the linear guide barrel 17 to further rotate 
relative to each other, which renders the zoom lens barrel 



10 to be longer aiid larger. 

Note , that in Figures 1 and 2 the drive pinion 15, which 
is accommodated in the gear housing 12c, is hot iliustrated, 
and the gear train 26, which is . supported on the supporting 
member 32, is not illustrated,. 

The aforementioned devic^ prpyiiied oh th^ f ixed lens 
barrel block 12 is constructed as follows. As; shown in 
Figure 1, 3 or 6, three recessed portions I2g (only one of 
which is shown in -Figiare 1, 3 or 6), each recessed outwardly 
in a radial direction, are formed on the inner periphery of 
the cylindrical portion 12p at the front end .thereof, sucb 
that each, rec ess (Bd;^ with a corres^bhdin^^^^ 

oiie of . . the 1 inear, guidie grooves i2b; Ea<:h recessed pbr tibn- 
I2g includes a beveled surf ace or edge 12e; ^l^i^ bevel e^^^^ 
surface 12e is inclined in the optical axis direction and 
extends parallel to the female helicoid 12a, The beveled 
surface 12e connects with one of the side surfaces or edges 
"A" of the corresponding linear guide groove 12b. ,. The other 
side surface "B" of the linear guide groove 12b .extends; in 
the optical axis direction. . The front end of the side 
surface "B" extends to the front end of the cylindrical 
portion 12p, A front edge 12f of each recessed portion 12g 
is recessed by a small .,amo\int rearwardly from the front end 
of the cylindrical portion 12p, A cutout portion 12d is 
formed on the front end of the cylindrical portion 12p at 



each position on the front edge 12 f , A rectangular hole 12h 
is formed in approximately the middle part --of each recessed 
portion 12g thereof . . 

The annular retaining member 33 (see, for example. 
Figure 2) .is secured to the front end of the cylindrical 
.portion 12p at lekst after the > third^ m ha^ 
been engaged with the cylindrical portion lip . with each of 
the engaging projections 17g engaging with the corresponding 
linear guicJe groove 12b, Namely, the annular retaining 
member 33 is bought into engagement with the front end of 
the cylindrical portipn 12p after the zoom lens barrel \mit 
1,00 -has.. be|^ properiy installed./in^^^^ : cylindrical portion. 

As shown in Figure 2, - 5 or 7, three engaging 
projections 33a, which may respectively engage with the 
recessed portions :12g, are integrally formed on the annular 
retaining member 33. The anriulat retaining* member 33: is 
secured to the front end of the cylindrical portion : 12p 
through the engaging projections 33a. 

In addition to. the. engaging projectiohs 33ar the 
annular retaining member 33 is also provided with an annular 
base 33i. Each of the engaging projections 33a extends 
rearwardly in the optical axis direction, from the annular 
base 33i so as to correspond to the respective recessed 
portions 12g/ The annular retaining member 33 is further 
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provided witti a strip-shaped plate 33g which is integrally 
formed on the annular base 33i. :The plkte 33^ ^extends in 
the optical ax^s direction at "the location corresponds to 
thie position of the a.f preinentibrie^^^ 

the annular retaining meinber. 33 properly engages/ with the 
Cylindrical portion 12pv the plate 33g lies albhg or covers 
the cutout portion 12k so as to prohibit the annular 
retaining meiaber 33 from rotating about the optical axis 0 
relative to . the cyiindrical portion i2p while restricting 

the movement of the aforementioned intermediate part of the 
flexible printed circuit board 6. . 

Each engaging projection 33a is provided with a beveled 
.surface 33b, a linear guide surface ;33c and a parallel 
sur:face 33d, When the annular retaining meniber 33. properly 
engages wi th the cylindrical; .portion .12p , each bieveled 
surface 33b . -tightly cpntacts. the .borresponding beveled 
surface .12e. ^ Additionally, each linear guide. surface. 33c' 
and the side isujrface "A" of the corresponding, linear guide 
groove 12b are connected with each other. Thus, the linear, 
guide surface 33c and the side surface "A" together guide a 
side edge "G" of the corresponding engaging projection 17c V 
in the optical axis direction, * When the annular retaining 

* 

member 33 properly engages with the cylindrical portion 12p, 
the parallel surface 33d extends parallel to the other iside 
surface "B" of the corresponding linear guide groove 12b. 



Each, .-engaging pro j ection. 3.3a is further provided . .with a 
stop surface 33f which extends perpendicular to .both t^^^ 
corresponding parallel surface 33d arid linear, guide surface 
33c: to . connect .the parallel surf ace 33d with the.:, linear 
guide surface. 33c. When the annular retaining member 33 
properly engages, with the cylindrical portion 12pv each stop 
surface 33 f defines the front end of the corresponding 
linear guide .groove 12b, as shown in Figure 7. 

Specifically, in the state where the^ annular retaining 
: memb^r 33 properly engages with the :cylini§r'ical portion 12p, 
each linear^ guide surface 33c and the side surface "A" -of 
the corresponding lin^^^ guide groove. 12b. axe not. located in 
a common plane extending in the. bptical axis^ direction, but 
ea.ch .linear guide surface 33c is ..slightly recessed iway from 
= the- corresponding side, surface "B*. relative to . the 
corresponding side surface "A" in a circumferential 
direction of the cylindrical portion 12p' by an amount "a", 
as shown in Figure 7 or 8 , In other . words , the linear guide 
surface 33c is slightly recessed away from an imaginary, 
surface rA'" that, is locateql in a commpii plane in. which the ■ 
side :surfac^ ."AV of the. corresponding linear guide,: groove . 
12b is located. Therefore, the width of each linear. guide 
groove 12b is slightly . wider at the front end thereof, where 
the linear guide surface 33c is provided, than the width ..of 
the remaining part of the linear guide groove 12b. The 



50 

reason why the linear guide surface 33c is recessed in such 
a manner will be hereinafter discussed. 

Each engaging projection 17c of the linear guide barrel 
17 moves f orwardly while pressiiag against the side: surface. 
"A" . Qf th^^ corresppndinir. linear guide, groove. 12b Wii^ii the 
zoom'len^ barrel 10 is driveii to advance. For this teasbn, 
if any of the linear guide surfaces 33c are formed closer to 
the corresponding side surface "B" than the side soarface "A" 

« 

of the corresponding linear guide groove 12b beyond the 
corresponding imaginary surface "A'" due to an error in a 

molding process of the. annular retaining member 33 or the. 

.. ■ ■ ' ' ■ . < ' . . ■ ' . 

lik?, the engaging pro jectioi; 17c, that .en^^^ with -the^^^^ 
linear .guide gxodye v 12b ingluding^ suc:h' a 1 inear : = gui;d4 . 
surface 33cv caxmbt j^mpothiy ;3hift side surface ^A".. 
to the adjacent linear guide surfaces 33c. In order to 
prevent the occurrence of such a problem, each linear guide. 
sxirface.33c is formed in such a manner; as noted above,, i.e.,. 
recessed by the amount "a". Owing to such a structure, even 
if any linear guide surface 33c should be formed slightly 
closer to the corresponding side surface "B" due to a 
xnanufactxiring error, since each linear guide surface. 33c is 
already made such as to. be slightly recessed away from the 
corresponding side surface "B", the .afor^entiohed problem 
does not occur. Although each linear igiiide surface 33c and 
the side surface "A" ^ of the corresponding linear guide 
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groove 12b are • not. located '' in a common plane extending in 
the optical axis direction, a problem similar to tih4 
aforementioned problem. does not occur when the zoom lens, 
barrel: 10 is driven to retract .back to the camera body. 
This .is because each engaging projection 17c of the linear 
guide barrel 17 moves rearwardly while pressing against the 
side surface "B" of the corresponding linear guide groove 
12b when ..the zoom, lens barrel 10 is driven to. retract. 

An engaging claw 33h is integrally formed,. on ah outer 
surface of each engaging projection 33a, Ihe engaging .claws 
33h respectively snap into the rectan;gular holes 12h when 
the annular retaining memb 33.. properly, engages with, the . 
cylindrical portion lip. An engaging projection .33 e, which 
extends resun^ard f rbm . tiie annular basfe 33i in the optical 
axis direc.tioh, is .formed on the aiinular retaining meiriber 33 
at a position on an outer surface, of each engaging 
projection 33a. The engaging projections 33 e respectively 
engage with the cutout portions 12d when the : annular ■: 
" retaining member 33 properly engages, with the cylindrical 
portion 12p. 

According to the linear guide . mechanism . having the 
structures as noted above, the zoom lens barrel unit 100 can 

, * * ' ' " " » * 

be installed in the cylindrical p 12p in the following . 

maimer. Firstly; .after the zoom, lens barrel unit 100 has. . 
been assembled, the zoom lens barrel unit 100, rendered in 



its most extended istate, is pfepafed. Secondly, While being 
in such a state, the rear end of the .zoom lens barrel unit 
100 is., fitted in. the front ehdypf the inner periphery of the 
cyiindrical portioii/;-12p[ with'ra':; predeterm 
relationshipV . .That the angulair position of the zoom 

lens barrel unit iOO re jjoi'tion 12p 

is predetermined when the rear end of the zoom lens barrel 
unit 100 engages with the front end of the inner periphery 
of the cylindrical portion 12p. Thereafter,; the whole 
optical unit driving motor 25 is actuated to rotate the 
drive, pinion 15 by several degrees in a direction to retract. 
the . third moving bai^el 16 into the cylinda^ical portion :l2p . 
The rotatipn of the whole optical un^^^ 25. is 

transmitted to the third, moving barrel . 16- thrpugh the gear 
train 25, the drivie pinibzi 15 and the butei: pieripherai gear 
16b, thus, making the male helicpid r6a rotate relative to. 
the female helicoid .12a. to thereby retract the third moving 
barrel. 16 to the .front extremity of .the actual movable range 
of the third moving barrel 16 for . zooming. During the • 
retraction movement, of the third moving barrel. 16 up to the 
front extremity, the linear guide barrel 17 remains located 
at a specific rotational position with respect to the third 
moving barrel 16, since the zoom lens barrel unit 100 is in. 
Its most extended state, and because .during the retraction 
movement of the third moving ba.rrel 16, each engaging 



projection 1.7c .passes through the corresponding recessed 
portion 12.g to : engage with: tlie corresponding linear guide 
grooves i2h^ as shown by phantom lines in Figure 6; 

After the third moving barrel 16 has been retracted to 
the front extremity of the actual moyab range, of . the third 
mbyihg. barrel 16 for zooming in such a manner as noted 
above, if the whole optical unit driving motor 25. is 
actuated to further rotate the drive pinion 15 in a 
direction to retract the third moving biarrel 16 into the 
cylindrical portion 12p,_ the male helicoid 16a rotates 
relative to the female helicoid 12a to theireby retract the 
third moving bcurrel 16 into the cylindrical , portion .12p. At. 
the same time, the first and second moving:, barrels .2.0, 19 
retract into the second . a4d third . moving . barrels l^v 16,. 
.resp€|Ctiveiy, due to the mechanical structure for driving 
the first, Second and third moving barr.els in .a 
predetermined relationship. Consequently, the zoom lens 
barrel \mit 100 moves into its most retracted state and is 
accommodated in the cylindrical portion 12p. 

' According to the linear guide mechanism of .. the present 
embodiment for guiding the linear guide barrel 17. along .the. 
optical .axis O without rotating the lineatr guide barrel 17,- 
the aforementioned device (which allows the engaging 
projections 17c to move to respecrtive initial positions, at 
which the engaging projectipns 17c start engaging with the 
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linear guide grooves 12b, without the engaging projections 
.17c contacting anything,, until. the femalie helicoids 12a have 
been brought up to the af orementipned. enge^^^^ 
position), for ihstaliihg or detaching the zo^^ 

■ ^ ' . ■ • . ' ■» ■ . ... ^ ^ <*- . ^\ . , , 

unit .100 in or from the .fixed lens barrel, block 12^ i^^ 
provided dh the fixed lens barrel block 12, not on the zoom 
lens barrel unit 100, which advantageously does not render 
the zoom lens barrel 10 to be longer a:nd larger. 
Furthemior e , tie recessed, portions l2cr are u^ not bhly for 
installing or detaching the zoom lens barrel unit 10.0 in or 
from the fixed lens barrel block 12 but also for forming 
part of the linear .guide grooves 12b after the annular- 
retaining member 33 has been secured to . the f ront end of the 
cylindrical portion 12p, Accordingly, .it can be xinderstbod 
that the recessed portionis 12g are spac^-efficiehtiy formed 
on the front part of the cylindrical portion v.l2p, whic^ 
contributes to the realization of -a small and cbmpa:^^^^ 
lens •:baLrreilO 

Another feature of the linear guide mechanism of the 
present embodiment will be. hereinafter disciissed mainly with 

ref erence to Figures 3 and 23 through. 29.. - 

» ' . •. 

This feature of the present embodiment concerns one of 
the plurality of linear guide grooves 12b, namely the linear 
guide groove 12bi, and one of the plurality of engaging 
projections 17c which engages with the linear guide groove 



12fai, namely the. engaging, projection 17ci. As . shown . in 
Figure 23 or 25, the engaging projection 17ci is formed 
having, an "M" -shaped outline so that the- engaging projection 
17ci does not :int.er fere. with two:- projections 12a v formed oh 
a bottom of the .linear, guide groove 12bi. As ckh be: seen 
from' Figure 3 or 56 two projections 12a' form part of 

the female helicoid 12a . * 

As shown in Figure 25, another one of the plurality of 
linear guide grooves 12b, namely the linear guide groove 
I2bni,. and another one of the plurality of engaging 
pro j ections which engages with: the linear guide groove 
12bni, namely the engaging projection 17cni, : are-npt. f^ 
having the af or emehtion^^ features of the linear' guide 
grpbve i2bi and tiie; engagiiig projection i7bi, = - ii 

.. Strictly, speald^ng;^ :^ projection 17ci, .engages- 

with the linear guide gr:ooyia 12bi in a manner such that, the 
engaging projection 17ci projects outwardly from the optical 
axis 0 by a length "f (amount of engagement) , measured in 
a radial direction from the root of the female helicoid 12a 
to the tip of the engaging projection I7ci as shown in 
Figure 25 or 28. The tip of the engaging projection- 17ci 
does not contact the bottom of the linear guide groove 12bi; 
Reference "W " shown in Figure 25 or 26 represents the width 
of the engaging .projection 17ci. Reference "xl" shown in 
Figure 25 or 28 designates a comer of the engaging 



projection 17ci. A line connecting "xl" with ''xl" (line xl- 
xl) is identical, to the width of the engaging projection 
17ci . "W " , which is substantially' t lie same as the width of 
the linear guide groove 12bi. 

On the other hand, the engaging projection IVcni 
engages with the linear guide groove 12bni in a manner such 
that the tip portion of the engaging projection 17cni 
projects into the linear guide groove .12bni by a length rt" 
(amount of engagement) , measured in a radial direction from 
the root of the female helicoid 12a to the tip of the. 
engaging projection 17cni, as shown in Figure 25. The tip 
of the engaging projeGtion .17cni does not. reach^^ bottom,- 
of the liniear guide groove i2bni. . The lengfth "t" is 
substantially, the same as. the ?tf brementioned. length- "f " . 
The engaging projection 17cni has substantially the same* 
mechanical strength as the engaging projection i7ci. 
Risfer(Kice "w" shown in Figuire 25 represents the width of the 
engaging projection 17cni ; .Reference "x2* shown .in Figure 
25 designates a corner of the engaging projection 17cni. A 
line connecting "x2" with "x2" (line x2-x2) is identical to 
the width of the engaging projection 17cni "w"/ which is 
substcuitially the same as the width of the linear guide 
groove 12bni, Sii^ce the lengths "t" and "t;' ■ are 
substantially the same, the comers "xl" , "xl" and "x2" and 
"xl" are substantially lodated on a cocimon ciircle (not 
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shown) about the optical ap^is 0. In other words, in Figure 
25, the three points , i . e. , the comers "xl", "xl" and the 
optical axis O forms an isosceles triangle, aild another 
three points, i.e., the. corners "x2'", "x2" and tiie oji^cal 
axis O f orms - a^ ispsceles;:. triangle. The bases of the 

• two .isosceles trianglies each touches a coiiuhon imaginary 
circle cc about the optical axis 0. Diie to this 

* arrangement, the bottom sxarf ace of each of the linear guide 
grooves 12bi, 12bni extends in a plane perpendicular to a 
radial direction of the cylindrical portion. 12p. Another 
common imaginary circle (not shown) ctbout the optical axis 

O, .v?ith which the . corners on .the bpttom of each linear guide . 
groove 12b oome in cbnt^^ larger than the 

common imaginary circle cc, .but is substantially:;.t^ same as " 
the common imaginary circle cc since the tip of each 
engaging projection almost touches the bottom of the 
corresponding, linear guide groove 12b, 

. . The aforementioned other feature of the linear guide 
niechahism is that the part of the, outer peripheral 
of the cylindrical portion 12p, which Is located at the 
position opposite to the .bottom of the linear guide groove 
12bi, can be formed to be a flat surface extending parallel 
to the bottom surface of the linear guide groove 12bi. .This 
feature will be hereinafter discussed, 

The linear guide barrel 17 does not rotate with respect 
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to the fixed lens barrel block 12. However, since the third 
moving barrel 16 rotates relative to the. linear guide barrel 
17; the rotational force of. the third moying barrel. .16 is 
transmitted from, the male helicoid IjSa to the female 
helicbid 12a, and as a result/ the linear guide barrel 17 
moves linearly along the optical axis 0 while receiving that 
rotational force at the engaging projections 17c through the 
linear guide grooves 12b. Thereforie, if the aforementioned 
amount of ragagement "t" or ^t' " of each engaging p^^ 
17c is too short and/ or the width "w" or "W " of each linear 
guide groove 12b is too narrow, the engaging projections 17c 
may disengage from the respective linear guide grooves . 12b 
when the linear guide barrel 17 moves linearly along the 
optical , axiis 0. However, such a problem does not occur if 
the amount of engagement . " t" oir . "t*" of each engaging . 
proa action 17c and the width ■ "w.!* or "w ' " of- each linear 

guide groove 12b ar:e designed sufficiently large. 

\t • ' ■ ■ " . '' ' 

As can be understood from Figure 27, the larger the 
width of the linear . guide groove 12bi (the length of the 
line xl-xl)^ the closier the line xi-xl . comes to the 
optical axis O. That. is.,, the wider: the width of the linear 
guide groove 12bi^ the closer the line xl-=xl comes to the 
optical axis O than the line x2-x2. For this reason, the 
thickness of the cylindrical portion 12p at the portion 
thereof where the linear guide groove i2bi is formed will 



become greater than that a:t the portion where the linear 
guide groovy 12bni is fbrjned in the case where the bottoih of 
the linear guide groove 12bi is formed so as to almost, touch 
the tip of the engaging projection 17ci/a^ noted above. In 
such a case, the thicJoiess of the cylindrical portion 12p at 
the portion thereof where the linear guide groove 12bi is 
formed will be thicker than that at the portion where the 
linear guide groove 12bni is formed by a thickness "y" , as 
shown in Figure 27. References "LI" and ■L2" represent the 
length from the bottom of the linear guide groove 12bi to 
the outer periphery of the cylindrical portion .12p, and the 
length from the bottom of the linear guide groove 12bni to 
the outer periphery of the cylindrical portion 12 j)/ 
respectively, . the thickness "y " is equal to the -difference 
between lengths. "LI" and "L2" (Ll-L2=y) . . 

In the present embodiment, as illustrated in Figure. 28, 
the iportion of the cylindrical portion . 12p which forms the 
bottom of the linear -guide groove 12bi is . formed to have the 
same thickness as the portion, of the .cylindrical portion 12p 
wh^re the linear guide groove 12bni is formed, by cutting 
off part of an outer layer of the cylindrical portion 12p by 
an amount corresponding to the thickness "y" . By so doing, 
the part of the outer peripheral surface of the cylindrical 
portion 12p, which is located at the . position opposite to 
the bottom of the linear guide groove 12bi, is formed to be 
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a flat surface 12x extending parallel to the. bottom surface 
of the linear guide groove iibi. 

■ The flat surface 12x is located immediately next :tp a 
flat .surface; PTl of a wall ^PT forming a film chamber FC of 
the zoom lens camera of the present enbodiment. The wall FT 
is secured to the fixed lens barrel block 12, and the flat 
sxarface PTl extends parallel to the flat surface :12x. Since 
the flat surface 12x is formed by cutting of f . part of an 
outer layer of the cylindrical; portion 12p in such a manner 
as noted above, the film chamber FC is successfully located 
closer to the cylindrical portion 12p towa;rds the optical 
axis O, by the amount corresponding to the aforementioned 
thicJaiess *y", which contributes to the minimization of the 
size of the zoom lens camera of the present embodiment, 
particularly, in the width of the camera. This effective 
structure to minimize the width of the zoom lens camera can 
be appreciated by comparing a. distance "H" from the optical 
axis O to this flat, surf a;ce .12x with a. distcuice v"^ 
optical axis O to an outer peripheral surface of the 
cylindrical portion 12p on which the. flat sxirface 12x is not 
formed, as shown in Figure 29. ' The distances "H" and "R* 
are also illustrated in Figure 25. The front emd rear of 
the. zoom lens camera of the present embodiment respectively 
correspond to the up and down as viewed in Figure 29 . 

In the zoom lens camera of the present eiribbdiment, the 
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aforementioned another featxzre of the liiiear guide mechanisia 
is adopted to the lineeu: guide groove 12bi and the engaging 
projection 17ci. However, such a feature may. be applied to 
any other linear guiding groove and . engaging . projection . 
which engage with each other.' 

in the abbve -described enibbdiiheht of the zoom leiis 
barrel 10, although the zoom lens optical system consists of " 
two movable lens groups, niainely the front lens group LI atnd 
the rear Ifens group L2, it should be understood that the 
present invention is not limited to the present embodiment 
disclosed above, but the present invention may also be 
applied to another type of zoom lens optical system . 
including one or more, fixed lens gTO}ij£>, - ' 

In addition, in the above embodiment, the rear, lens 
group LI is provided as a component of the AF/AE shutter 
unit 21, and the AE motor 29 and the rear lens group .driving 
motor 3 0 are moxmted to the AF/AE shutter unit 21. With 
such a structure, the structure for supporting the front and 
rear lens groups LI and L2 and the stoic ture for driving the 
rear lens grox^i L2 are both sojiplified,^ of adopting 

such a structure, the zoom lens barrel 10. may also be . 
realized in such a manner by making the rear lens group L2 a 
member separate from the AF/AE shutter unit 21, which is 
provided with the shutter moiinting stage 40, the circular 
driving member 49, the supporting member 47, the shutt 
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blades 27,. the shutter blade .suppbrtihg ring 46 -and the 
like, and that the /.rear lens^roup L2 is supported by . any 
supporting meniber. other than the AF/AE shutter. unit 21. 

In..t^ zoom lens camera of. the present einbodimi^t/ the 
operation by rotation of the whole optical unit driving 
motor 25 and the rear lens group driving motor 3 0 -will now 
be described with reference to Figures 17, 18, 19 and 20.. 

As shown in Fig^lre 18 or 20, when the zoom lens barrel 
10 is at the most retracted (withdrawn) position, i.e. ,.- the 
leiis-housed condition, when th^. power switch is turned ON, 
the whole optical unit driving motor 25 is driven to rotate 
its drive shaft., in the .forward rotational direction, by a 
small amount. . .This rotation of the mo.tor; 25 is transmitted' 



to the driving pinion IS 



through the . gear train 26,. which is 



supported by the supporting member .32 formed, integral; with 
the fixed lens barrel block 12, to thWeby rotate the third 
moving barrel 16 in one predetermined rotational direction 
to advance f.orwardly along the optical axis 0. Therefore,, 
the second moving barrel 19 and the. first moving barrel 20 
are each adyamced by a small amount in the optical axis 
direction, along with the third moving barrel 16.. 
Consequently, the camera is in a state capable^ of 
photographing, y/ith the zoom lens positioned at the widest 
position, i.e., the wide end. At this stage, due to the 
fact that the amount, of movement of the linear guide barrel 
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17, With respect to the fixed lens barrel block 12, is 
detected through the relative slide between the- code jilate 
13 a .and the. contacting terinirial . 9 the focal length of the 

zoom lens bcLtrrel . 10^ i.e.^ .the front and rea^ leias; igrbups LI 

' • • > ■ 

. and L2> iis detected-. . • • 

In ; the photographable state as abbye described; when 
the aforementioned zoom operating lever is manually moved 
towards a "tele" side, or the "tele" zoom button is manually, 
depressed to be turned ON^ the whole optical unit driving 
motor 25 is driven to rotate its drive shaft in the forward 
rotational direction through the Whole optical unit driving 
motor controller ,60 ; so:, th^ moving barrel ; :16;; 

rotates in the rotational direction to advance along the 
optical axis O via the driving pinion 15 and the outer 
peripheral .gear 16b... Theref ore, the . third moving barrel 16: 
is advanced from the fixed lens barrel block 12 according to 
the relationship betwreeri the female helicoid :. i2a , and the . 
male helicoid .i6a. At the same- time, the linear guide 
barrel. 17 moves forvardly -i^ the optical axis direction 
together with the third moving barrel 16, without relative 
rotation to the fixed lens barrel block 12, according to the 
relationship between the engaging proj ections 17c and the 
linear guide grooves 12b. At this , time, the simultaneous 
engagement of the follower pins 1.8 with the respective lead 
slots 17b and linear guide grobveis 16c causes the second 



moving barrel .. 19 to mov^ . f orwardly relative to the third 
moving barrel 16 in the optical axis direction, while 
rotating together with the third moving barrel . 16 in the 
same rotational direction relative to. the fixed lens barrel 
block 12. The first moving barrel 20 moves forwardiy from 
the second moving barrel 19 iii the optical axis direction, 
together with the AF/AE shutter unit 21, without relative 
rotation to the fixed lens barrel block 12 , due to the 
above-noted structures in which the first moving barrel 20 
is guided . linearly by the linear guide member 22 and in 
which the. follower pins 24 are guicied by the lead grooves 
19c • .. During such moyem^^^^^ according to the fact that the-.. 
:moving position of the linear guide barrel. 17: with' respfect^- 
to the fixed , lens barrel block 12 is .detected; through the. 
relative, slide between the code plate 13a and the contacting 
terminal 9, the focal . length set by the zoom' operation 
device 62 is detected. 

Conversely, when the zoom operating lever is manually 
moved towards a "wide" side,, or the "wide" zoom button, is 
manually depressed to be turned ON, the whole.: optical unit 
driving motor 25 is driven to rotate its drive; shaft in the 
reverse rotational' direction through the whole optical .\init 
driving motor controller 60 sp that the third moving barrel 
16 rotates in the rotational direction to retract into the 

• » * ■ - 

fixed lens barrel block 12 together with the linear guide 
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barrel .17, At the same time, the. second moving barrel 19 is 

' ■ • '■'*"'*.■ • -' . , ■ _ • 

retracted into the third moving barrel 16, while rotating in 
the same direction as that bf tii'e third labvirig barrel 16, 
and :ithe 'first ...moving . barrel 20. is . retracted i^^ .the 
rotating' second moving barrel 19 . togrether with the AF/AE 
shutter unit 2i. During the above retraction driving; like 
the case of advancing . driving as above described, the rear 
lens group driving motor 30 is not driven. 

While the zoom lens barrel iO is driven during the 
zooming operation, since the rear lens group driving motor 
30 is not driven, the front lens group LI and the rear lens 

ft 

group L2 move ,as a whole, maintaining a constant disteuice 
between each other, as shown in Figure 17 or 19. The focal 
length input via the zoom code plate ..13a and the contacting 
terminal 9 is indicated oil an LCD panel (not shbwn) iprpyided 
on the. camera; body. • 

At any focal leriigth set by the zoom operating device 
62 , when the . release, button is depressed by a half-step, the 
object distance measuring apparatus 64 is actuated to 
measure a current subject distance. At the same time the 
photometering apparatus . 65 is actuated to measiire a current 
svibject brightness.. .Thereafter, when the release button is 
fully depressed, the' whole optical unit driving motor 25 and 
the rear lens group driving motor 30 are each driven by 
respective amounts dictated according to the focal length 



infpnnation set in advance and . the subject- .. distance 
information obtained from the. object distance iaeasuring 
apparatus 64, so that the front and fear lens groups LI and 
L2 are respectively moved to specified positions^ to obtain a 
specified focal length to thereby bring the subject .into 
focus. Immediately after the subject is brought into focus, 
via the AE motor controller 66, the AE motor 29 is driven to 
rotate the circular driving member -49 by an amount 
corresponding to the subject brightness information obtained 
from the photometerihg apparatus 65 so that the shutter 27 
is driven to open the shutter blades 27a by a specified 
amount which satisfies the . required : Immediately: 

■ , ' » • , * . " - " ' ■ ' - ' . X ' * ^ * . ' ' * * . y ^- ' - 

after such a shutter release. bperation/ .in w 

shutter blades 27a. are opened and subsequently closed,, is,. 

• * ♦ ■ * * * 

completed, the whole optical, unit driving motor. 25. :and the. 
rear lens group driving motor 30 are both driven to move the 
front lens group LI and the rear lens group L2 to the 
respective initial positipns at which they were at prior to 
a shutter release. 

In the present embodiment of the zoom : lens barrel 10 , 
"Fantas Coat .SF-6" is used as the coating 72e,. Howev^ a 
different type of coating may be used as the coating 72e as 
long as it is waterproof and makes the circular abutting 

surface 72b a smooth surface to, form substantially no gap. 

* ' • . " ' *• " ' . 

between the circular iabuttihg." surface 72b arid the 



. circxmferential. portion fp. . 

Obvious changes may be made in .the specific embodiments 
of . the present . invention described herein, such 
modifications being within the...: . . ; of - the. 

invention, claimed.. It lis indicated..: ;that all matter 
contained herein . is illustrative, and doeis not limit the 
scope of the present invention. 



CLAIlISr-.. 

•' 1. A lens barrel con^jrisinsf : 

an outer barrel provided on an inner periphery .ther ieof 
with a first thread and at lekst pixe linear .^ide grcioye 
intersecting said first thread: ahd. extending In a diirectibn 
of ain optical aiiis- of sa;id Idis '^ . 

a middle barrel provided on an outer periphery thereof 
with a second thread for zaisshing with said first thread; and 

an inner barrel positioned inside said middle barrel, 
said inner barrel being . provided with at least one follower 
for engaging with said at least one linear guide groove, so 
that said inner barrel ■ is guided, along said optical axis 
without rotating ;fiiiou£ with, r^ 

said outer bcirrel; wherein 

' a front end 61 each of said at liaast 
one linear -guide groove is f onned with at least one enlarged 

• width dimension to enable , 
rotational movement, of said at least . one follower into said 
at least one linear guide groove during initial meshing of 
said middle barrel with said outer barrel. 

2. A lens barrel according to claim 1, further 
■* ' * .* • ' . 

coihprising an annular retaining member for . engaging with a 

front end .o£ said outer barrel- 

3. A lens barrel according to cla:im 2, wherein said 



annular: retaining member comprises at least one engaging 

projection for. engaging said at least one enlarged width 
dimension. 

4. A .lens barrel according to claim 3, wherein said 
■ at least one engaging projection •.cpmprises .:a.;.:.surf ace 
determining a front iextremity of said at least oiie lihear 
guide groove.- 

5- A lens barrel according to claim 3 or 4, wherein said 
at least one linear guide groove is defined between a first 
side surface and a second side surface, 

•. said. first and said second 
side surfaces extending in said direction of said optical 
axis, and wherein, said. at ieast one engaging pro jectibn 
comprises a linear guide: surface which fcogethfetwit^ said 
first side* surface linearly guides said at least one 
follower, 

6 . A . lens . barrel according to claim . 5; wherein a . 
distance betweein saiid first.; sicfle surface, and said; second 
slide surface is less; thah iv^ between said linear., 
guide surfaces and said sfebnd side surface. 

7. A lens barrel according to any preceding claim, 
wherein said at least one enlarged width dimension comprises a 
stir face inclined in a direction parallel to said first thread. 

8. A lens barrel according to any preceding claim, 
wherein said outer: barrel is . formed integrally with a 
stationary block provided inside a camera body. 



9. A lens barrel according to any preceding claim/ wherein said 
middle barrel is movable along said optical axis together 
with said inner barrel without varying a ' distance 
therebetween, while said middle barrel rotates about . said 
optical axis relativie . to -said inner barrels 

10. A lens barrel according to any pr claii^ wherein said 

at least one follower is formed at a rear end of said inner 

barrel outwardly in a radial direction of said inner barrel 

to engage with said at least one linear guide groove, 

11. A lens barrel according to any one of claims 3 to 6, 

wherein said at least one engaging projection comprises an 

engaging claw whiqh projects outwardly in a radial directioh 6 

said annular retaining mea^ engaging claw Engaging with 

I hole , formed in said front end of said at least one linear 
■ guide groove. 

12. A . lens barrel according to any preceding claim, further 
comprising at least one projection formed at. a. base' of 
said at lef^t one linear guide groove, said at least one 
projection engaging with said second thread so as to . 
function as a part of said first thread. 

13. A lens barrel according to any preceding claim, wherein 
said at least one follower and said at least one linear guide 
groove both have a width exceeding a 

predetermined .minimum width and .a height equal to a 
predetermined minimum height, 

14. A lens barrel according to claim 12, wherein 



said at least one projection is. formed substantially centrally 
in the width dimension of said at least one linear guide 

grocvei- ■ ' . 

15. . A lens barrel comprising: 

a barrel provided on an inner periphery thereof with a - 
linear guide groove extending in a direction of an optical 
axis of said lens barrel; cuid 

aji cuinular member arranged concentrically with said 
barrel, said annular meniji^r being provided with a follower 

for engaging said linear, guide groove so that said annulear- 
member is guided along said optical axis without rotating about 
said optical axis relative to said barrel, 

r ' 

wherein a substantially plane surface is formed in ain 
outer periphery of said barrel, radially, outwardly of said 
linear guide groove* 



16. A lens barrel according to claim 15, wherein 
said linear guide groove has a planar , base extending in said 
direction of said optical 

axis and perpendicular to a radial direction of said barrel, 
said plane surface being formed .paralliel to said Planar 



.!?• The lens barrel according to claim 15 or 16, further 
comprising: 

a first -thread formed bh said inner periphery of. said 
'■ barrel so that said linear giiide groove extends within said., 
first -thread;..- - . 

a rotational barrei positidnable between said bairrel ahd 

said annular member and provided with a second thread fbr 
meshing with said first thread so that said rotational barrel 
is movable along said optical axis while rotating about said 

optical axis relative to said barrel; and. 

. at least one projection formed at a base, ©f said - 
linear . guide groove, - .saidi at lieast one prpjectidn engaging 
with said second thread so as to function as a part of said 
first thread, 

18 • A lens balrrel according to any . one of claimis 15 to 
17, Wherein said follower anci Said linear guide groove are each 
formed to have a width greater than a ; predeter^^ 
width and a height ^qual to a predetermined mihimtuh height. 

19. A lens barrel . according to claim 17, wherein 
said at least 6he projectiph is formed substantially in a 
middle of said linear guide groove in a circximf erential . 
direction of said bairrel. 
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20. A lens barrel substantially a^^ 

with reference to Figures 1-^ to 8 and 23 to 29 of the 

• *■'-'. ' 

accompanying drawings. 
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